The xyl operator of Bacillus subtilis W23 was identified by deletion analysis of the xyl regulatory region as a 25-base-pair (bp) sequence located 10 bp downstream from the xyl promoter. The outer 10 bp of the xyl operator exhibit perfect palindromic symmetry, while 5 central bp are nonpalindromic. It was demonstrated that the penultimate base pair near the end of this sequence is important for repressor binding. In both strains, expression of xylose-utilizing enzymes appears to be negatively regulated at the level of transcription (5, 6). In B. subtilis 168, a regulatory gene called xy/R has been identified and characterized by complementation (6). We are interested in studying repressor-operator recognition mediating regulation of the xyl operon. In this article, we report the identification by deletion analysis and nucleotide sequencing of the xylR gene and xyl operator from B.
The xyl operator of Bacillus subtilis W23 was identified by deletion analysis of the xyl regulatory region as a 25-base-pair (bp) sequence located 10 bp downstream from the xyl promoter. The outer 10 bp of the xyl operator exhibit perfect palindromic symmetry, while 5 central bp are nonpalindromic. It was demonstrated that the penultimate base pair near the end of this sequence is important for repressor binding. The location of the xylR gene encoding the repressor was determined by its ability to mediate xylose-dependent repression of a xyl-cat fusion on a multicopy plasmid. The nucleotide sequence of 1,355 bp from this DNA was analyzed and contains an open reading frame with a coding capacity for 384 amino acids leading to a protein with a calculated molecular weight of 42,270. A mutant with a deletion in this reading frame showed no repression of the xyl-cat fusion. The coding sequence is preceded by a suitable ribosome-binding sequence and uses GTG as a start codon and TAA as a stop codon. The relationship of these results to corresponding data obtained from B. subtilis 168 is discussed.
Bacillus subtilis is able to degrade xylan and utilize xylose as a carbon and energy source. The entire regulon from B. subtilis 168, consisting of genes for xylan and xylose utilization and a part of the xyl operon from B. subtilis W23, has been cloned and analyzed (6, 21) . The nucleotide sequences of the encoded structural genes available reveal the expected homology; however, they are not identical (22; S. Hastrup, European patent 0242220, April 1987).
In both strains, expression of xylose-utilizing enzymes appears to be negatively regulated at the level of transcription (5, 6) . In B. subtilis 168, a regulatory gene called xy/R has been identified and characterized by complementation (6) . We are interested in studying repressor-operator recognition mediating regulation of the xyl operon. In this article, we report the identification by deletion analysis and nucleotide sequencing of the xylR gene and xyl operator from B.
subtilis W23 and the first data characterizing a base pair of the xyl operator important for Xyl repressor recognition.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains and plasmids used in this study are listed in Table 1 . Escherichia coli RRI and HB101 and B. siubtilis 512 and BR151 were generally used for transformations as described previously (1, 2) . E. coli RRI was used for transformation with M13 DNA, and E. coli HB101 was used for all other cloning experiments. E. coli JM101 was the host for M13 infection. The culture and growth conditions were as described previously (5). We constructed pWH423 (see Fig. 2 ) by cloning a 2.2-kilobase-pair BamHI-HindIII DNA fragment from pIWll (21) in pWH331 (5). pWH423ABc/I was constructed from pWH423 by digestion with Bc/1I followed by mung bean nuclease digestion and ligation. DNA sequence analysis revealed that 14 base pairs (bp) (TCATTCTTGATCAA) were missing. pWH419 contains the 100-bp xy/ promoteroperator SspI-NsiI fragment from pWH416 (5) in the EcoRV-PstI site of pWH341. pWH341 was constructed by inserting the polylinker from pIC20R (10) (9) , ligating either an EcoRI linker (pWH429 and pWH430) or a Sall linker (pWH428 and pWH432) to the ends, transforming E. coli HB101, preparing the bulk of plasmid DNA, digesting it with EcoRI or EcoRI and Sa/I, separating the products on a 5% polyacrylamide gel, eluting fragments of the desired length from the gel, and recloning them into the respective sites of pWH331 (pWH428 and pWH432) or pWH341 (pWH429 and pWH430). pWH439, pWH440, and pWH441 contain the respective deletions from the EcoRI site with the HindlIl linker CAAGCTTG recloned into pWH331. All deletions were verified by sequencing.
General methods. Preparation of plasmid DNA from E. coli (7, 8) and B. subtilis (16) and elution of DNA from polyacrylamide gels (11) were done as described before. All of the other general methods used, including BAL 31 and mung bean nuclease digestions, were done as already described (9) .
Enzyme assays. To determine enzymic activities, the respective cells were grown in minimal medium (5) supplemented with 0.5% succinate and 0.05% yeast extract. For induction experiments, 2% xylose or 2% glucose was added. Chloramphenicol acetyltransferase assays were done exactly as described previously (16) . 1-Galactosidase assays were done by the method of Miller (13) modified as described before (19) .
Nucleotide sequencing. Nucleotide sequences were determined by the dideoxy-chain termination method by using [a-3-P]dATP (Amersham, Braunschweig, Federal Republic of Germany) for labeling (17) and sequenase (USB, Cleveland, Ohio) for chain elongation under the conditions recommended by the producer. The universal 17-mer primer (Boehringer GmbH, Mannheim, Federal Republic of Ger- (5) , and expression of the xyl-lacZ fusion was determined under noninducing and inducing conditions. The results are presented in Table 2 . In the presence of 0.5% succinate as a nonregulative carbon source (5) and 2% xylose as an inducer, most of the resulting strains expressed roughly 2,000 U of 3-galactosidase, except the ones containing pWH416 or pWH421, which expressed about 1,400 U of 3-galactosidase. These results indicate that all of the strains contain an active xl-lic(Z fusion gene. Under noninducing conditions, the titration effect of pWH416 led to the expression of about 600 U of 3-galactosidase. The same derepression was found with pWH419 and pWH421, while pWH420 led to only background levels of expression. This indicates that a 100-bp SspI-NsiI fragment contains the xy/ operator. From the BAL 31-derived deletions starting from the HindIll site, only pWH432 showed derepression. In the other three derivatives showing maximal repression of the xvl-laccZ fusion, the palindromic sequence element indicated in Fig. 1 Table 2 indicates that this mutation drastically reduces the ability to titrate the Xyl repressor. However, the resulting expression of 70 U of ,B-galactosidase is clearly above the background, indicating some residual binding activity of this mutant operator for the repressor. Identification of the xylR gene. Results reported by Hastrup for the B. subtilis 168 xyl operon (6; Hastrup, patent) suggested that the B. subtilis W23 xylR gene studied here may be located upstream of the xyl operon. Therefore, pWH423 was constructed, in which the xyl-cat fusion in pWH416 (5) is preceded by 1.8 kilobase pairs of chromosomal DNA from B. siubtilis W23 taken from pIWll (21) . The physical structure of pWH423 is displayed in Fig. 2 . It was transformed into B. subtilis BR151, and the regulation of expression of the xyl-cat fusion was compared with that directed by pWH416. The results ( Table 3 . It was twofold inducible by xylose, indicating that this deletion destroyed the xylR gene. The remaining regulation was also attributed to the chromosomal copy of the xvIR gene. Nucleotide sequence of the xylR gene. Figure 3 displays the sequencing strategy used for xylR DNA which is described in detail in Materials and Methods. The genetic organization of the xyl genes is also indicated in Fig. 3 . The xylR gene shows the polarity opposite of that of the xylA reading frame (22) . The nucleotide sequence of the xylR gene, along with some flanking base pairs, is shown in Fig. 4 . The first 10 nucleotides overlap with positions 100 to 109 of the published xv/A sequence, which we verified further upstream to the HinidIII site (22) . Between position 99 and the EcoRI site, our results differ from the published sequence. The nucleotide sequence presented in Fig. 4 was determined from DNA subcloned from pIWll. Therefore, we are confident that it represents the intergenic sequence between xvIA and xy/R, the start codons of which are separated by 258 nucleotides (Fig. 4; 22) . The longest open reading frame in this nucleotide sequence starts with a GTG codon preceded by a fair ribosome-binding sequence (14) , extends over (21) , to define the connection to the published data. The following sequence to the EcoRl site (position 69) differs from that published previously (21) . The open reading frame is indicated by the encoded primary amino acid structure. Deviations of the xyIR sequence determined from B. subftilis 168 (Hastrup, patent) nates at a TAA stop codon. Other significant reading frames are not present in the sequence shown in Fig. 4 (Hastrup, patent) . The 27 different amino acids are indicated in Fig. 4 . The same homology, about 93%, was also found for the nucleotide sequence (data not shown). About 120 nucleotides downstream from the stop codon were also determined and are shown in Fig. 4 Many procaryotic DNA-binding proteins recognize their target DNA sequence by using an o-helix-turn-a-helix structural motif (15) . We did not find a segment with clear homology to the conserved amino acids in these motifs in the primary XylR structure. Therefore, it is not obvious that this common structural motif is present in the Xyl repressor. Furthermore, comparisons with the sequences of the Gal and Lac repressors from E. coli (4, 20) and the peal gene product from B. lichenijormis (23) revealed no significant homology.
The location of the xylR gene was suggested by analogy to the B. siubtilis 168 xvl regulon (6) and proven by the repression of (at expression from pWH423 and the lack of regulation in pWH423ABUIl, in which the xylR reading frame is destroyed. The nucleotide sequence of that DNA reveals the putative xylR reading frame. It should be noted, however, that we were not able to purify and analyze the encoded protein. Thus, the proposed start codon is based only on the apparent ribosome-binding sequence preceding it and the homology to the rylR reading frame from B. subtilis 168 (Hastrup, patent) . Furthermore, we did not find an apparent promoter structure upstream of this reading frame, so that the expression properties of the Xyl repressor protein remain unclear. The codon usage of xylR most resembles that of low-expression genes in B. subtilis (18) , which agrees with the fact that xylR can be titrated by a xyl operator present in the multicopy state.
It is interesting to compare the primary structures of xyl DNAs from B. subtilis 168 (Hastrup, patent) and W23. The close relationship between these strains is clearly indicated by the high homologies at the levels of amino acid and nucleotide structures. However, the central 3 bp of the xyl operator and the distances to the corresponding ATG of xylA (Fig. 5) are different. Thus, the two strains are not simply defined mutants of each other. In terms of function, however, no difference has been observed between the two xylR genes because the regulation of expression of the xyl-lacZ fusion in B. siubtilis 512 and the titration of the Xyl repressor in that strain by the xyl operator from W23 (5) both involve heterologous repressor-operator interaction.
